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PREFACE 


This  report  covttri  an  englnoarlng  survty  of  aircraft  structural  folluros  caused 
by  corrosion,  fatigue,  arni  abrasion.  The  work  was  accomplished  as  a  research 
program  in  the  field  of  structural  composites  and  advanced  aircraft  materials 
under  U.S.  Army  Transportation  Research  Command  (USATRECOM)  Contract 
DA  44~177-AMC'-98(T).  TRECOM  Technical  Report  64-37  pertains  to  research 
conducted  urMler  the  same  contract  in  the  field  of  fiberglass  reinforced  sand¬ 
wich  structure  for  airframe  use  and  Is  reported  separately. 

The  contract  period  was  from  June  10,  1963,  to  January  31,  1964. 

The  work  was  directed  by  [>r.  Gene  M.  Nordby,  Dean  of  the  College  of 
Bigineering  at  the  University  of  Oklahoma.  AV.  Bruce  V.  Ketcham,  Plro- 
fesior  of  Aerospoceand  Mechanical  Engineering,  and  Mr.  W.  C.  Crisman, 
Research  Engineer,  were  the  principal  engineers. 

The  University  of  Oklahoma  Research  Institute  expresses  appreciation  for  the 
assistance  by  the  U.S.  Army  Aviation  Materiel  Command,  St.  Louis,  Missouri, 
in  making  avolloble  their  failure  report  files. 
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SUMMARY 


A  survey  of  Army  aircraft  structural  failures  caueed  by  corrosion,  fatigue,  and 
abrasion  was  made  to  define  critical  areas  of  future  structural  research.  The 
primary  source  of  data  was  the  Anny  failure  reports,  "Equipment  Improvement 
Recommendation  '* .  Because  of  the  great  number  of  reports  available,  a  sampling 
was  made  consisting  of  basic  airframe  failures  on  four  helicopters  arnf  two  fixed** 
wing  aircraft  for  the  period  1  January  1963  to  31  August  19^.  The  reports 
were  analyzed  individually,  and  the  data  were  consolidated.  Ano lysis  of  all 
data  revealed  four  significant  problem  areas:  (1)  conosion  and  fatigue  of  pri¬ 
mary  airframe  structure;  (2)  separation  of  metal  bonded  joints  on  rotor  blades; 

(3)  erosion  of  rotor  blade  leading  edges;  and  (4)  sustaining  rotor  blade  balar)ce. 
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CONCLUSIONS 


On  th«  botit  of  th«  anolyiis  of  rocont  failure  reports,  it  Is  concluded  that: 

1.  Other  promising  structural  materials  should  be  developed  since 
current  research  on  metallic  structural  materials  In  use  does 
not  point  to  correction  of  the  problems  of  fatigue  and  corrosion 
revealed  by  the  analysis.  The  largest  association  of  failures 
pertoining  to  primary  aircraft  framework  (39  per  cent  of  all 
failures)  vwis  found  In  the  area  of  fatigue  and  corrosion. 

2.  Although  rotor  blade  metal  borKlIng  separation  represents  only 
9  per  cent  of  the  failure  sampling,  it  is  an  area  for  concern 
because  It  directly  Involves  the  Integrity  of  the  airframe. 

3.  Rotor  blade  damage,  especially  leading  edge  erosion.  Iso 
problem  which  should  be  further  Investigated. 

4.  Rotor  blades  constructed  with  perforated  horteycomb  core  mate¬ 
rials  are  subject  to  balar>ce  changes  due  to  water  collection 
within  the  blade. 
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RECOMMENDATIONS 


It  It  rwommtndad  Hrat: 

1 .  Retaarch  work  In  tha  fiald  of  flbarglow-ralnforcad  plottic 
matariol  for  uta  in  primary  airframa  thuchirat  ba  puriuad 
vigorously. 

2.  Fvrthar  study  ba  corKkictad  on  tha  rotor  blada  bonding  tap- 
oration  problam. 

3.  Tha  solution  to  tha  problam  of  rotor  bloda  damoga  in  oparotlon  — > 
in  particular^  laoding  adga  arotion  <—  ba  sought  not  only  by 
continuad  taarch  for  pr^tactiva  motarials  but  by  tha  davalopmant 
of  naw  motarials  of  ccnstruction. 

4.  Whan  honaycomb  cora  matariol  it  usad  In  rotor  bloda  construc¬ 
tion,  tha  nonparfbratad  or  saolad  typa  ba  favorad. 
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DISCUSSION 


INTRODUaiON 


As  o  part  of  an  odvoncod  motorlals  rosoarch  program  iponiorod  by  tho  U.S . 
Army  Transportation  Rosoarch  Command  (USATRECOA^  undor  Contract 
DA  44-'177-AMC-'96(T),  tho  Univorsity  of  Oklahoma  Rosoarch  Institute 
conducted  a  survey  of  Army  aircraft  structural  failures  caused  by  corrosion, 
fatigue,  and  abrasion.  The  purpose  of  the  survey  was  to  define  critical 
areas  of  future  structural  research . 

A  full-depth  survey  could  not  be  made  because  no  one  document  that  could 
be  obtained  und  examined  during  the  desired  6-month  contract  period  con¬ 
tained  erraugh  information.  A  review  of  Army  oircraft  failure  documents 
and  their  availability  dictoted  the  use  of  the  "Equipment  improvement  Recom¬ 
mendation"  (EIR)  reports  as  the  best  available  source  of  failure  data,  but 
even  these  were  not  sufficiently  complete.  Therefore,  the  limitations  de¬ 
scribed  below  were  imposed  on  the  findings  of  this  survey. 

In  most  cases  the  EIR  reports  gave  no  background  data  on  the  failures,  nor 
could  the  contractor  obtain  drawings  or  operating  manual  details  on  the 
failed  element  in  time  to  provide  adequate  assistance.  In  addition,  the 
possibility  for  the  overlooking  and  nonreportirtg  of  many  failures  vital  to 
this  type  of  survey  exists  simply  because  field  personnel  nray  not  be  fully 
aware  of  the  importance  of  certain  failures  that  do  not  appeor  to  endanger 
the  integrity  of  the  aircraft  immediotely. 

Owing  to  the  limited  time  of  the  contract  period  and  the  vast  number  of 
EIR  reports,  only  a  cross  section  of  the  reports  could  be  appropriately 
evaluoted.  Consequently,  the  Information  found  in  this  report  represents 
only  a  beginning.  The  cross  section  chosen  was  a  group  of  reports  (dated 
between  January  1,  1963,  and  August  31,  1963)  on  kwr  helicopters 
(MH-1,  OH-13,  UH-19,  and  CH-34)  and  two  fixed-wing  aircraft  (U-6 
and  0-1).  Pertinent  Information  concerning  the  basic  airframe  and  rotor 
blades  was  included. 

DESCRIPTION  OF  WORK 

Initially  the  work  program  involved  locating  the  best  source  of  failure 
reports  (EIR's)  and  estoblishment  of  contacts,  clearances,  arxl  procedures 
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for  report  colloction.  Trips  wore  mado  to  SMC  Logistic  Data  Contor, 

Loxington  Army  Depot,  Lexington,  Kentucky,  and  the  U.S.  Army  Avia¬ 
tion  and  Materiel  Command,  St.  Louis,  MIswurl*  The  most  logical  source 
of  failure  reports  oikI  the  only  one  that  could  be  effectively  utilized  during 
the  contract  period  was  found  to  be  at  the  latter  location. 

After  screening  the  repository  at  the  U.S.  Army  Aviation  Materiel  Commarxl, 
some  2,300  reports  relevant  to  structural  failures  were  selected  arwl  subse¬ 
quently  read  In  detail  at  the  University  of  Oklahoma  Research  lr»tltute 
facilities. 

The  reading  yielded  463  valuable  failure  reports  all  of  which  were  studied 
and  analyzed  in  detail.  The  aspects  of  the  failure  Important  to  reveoilng 
the  underlying  cause  and  to  providing  gulrlance  for  correction  were  recorded 
by  means  of  a  code  (the  report  anolysis  system  Is  given  In  the  appendix).  The 
coded  data  were  then  summed  both  singly  and  assoclatively  In  cn  effort  to 
determine  problem  areas  common  to  all  the  aircraft  —  patterns  of  failure, 
aircraft  features  with  high  failure  rates,  materials  with  high  failure  rates,  etc. 
Though  the  sorting  of  these  data  wos  done  by  hand,  the  system  was  designed 
so  that  It  could  handle  a  much  larger  volume  via  a  punch  card  system. 

Rrally,  the  1963  Defense  Documentation  Center  (DDC)  indexes  were  scanned 
to  get  a  picture  of  current  work  thot  might  have  application  to  the  problem 
areas. 

SURVEY  RESULTS 


Tables  1  through  4  contain  the  summation  from  all  reports  of  each  item  in  the 
breakdown  of  reported  Information  (each  Item  In  the  armlysis  code).  These 
tables  served  as  a  guide  for  obtaining  (by  further  sorting)  the  significant  results 
listed  below.  It  Is  emphasized  that  these  results  are  from  an  overall  point  of 
view  and  not  necessarily  from  the  details  of  any  one  aircraft  or  part  —  the 
failure  report  information  was  searched  for  aspects  that  could  affect  or  have 
application  to  all  future  aircraft  structures. 

1.  There  were  several  types  of  failures  that  could  be  Involved  In 
the  fatigue  mechanism:  Riseloge  skin  wrinkling  occourtted  for 
7  per  cent  of  cll  folluresT'iWallic  croclcs  accounted  lor  47  per 
cent  (5^  per  cent  of  these  were  In  the  primory  fromework.  I.e., 
skin,  striker,  frome,  etc.);  loose  revets occounted  for  1  per 
cent ;  and  catostropbtc  fractures  on  lending  gears  occounted  for 
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TABU  1 

sMiATioi  or  PAiulu  occunncB 
BT  AIBCBAn  IDBrnriCAIIW  CODB 


Coded 


II— nti  of  the  Code* 


01 

02 

03 

04 

■!I1I 

-OJL 

-09_ 

10 

"Ti 

12 

14 

15  16 

d. 

48 

415 

0 

0 

0 

0 

m 

■ 

■ 

m 

«  m 

e. 

360 

65 

33 

0 

2 

3 

- 

- 

- 

- 

- 

- 

- 

205 

0 

0 

0 

42 

26 

0 

0 

142 

D 

0 

0 

28 

0  20 

32 

147 

110 

104 

17 

0 

0 

0 

27 

SI 

mm 

19 

m 

- 

«»  m 

f . 

463 

0 

0 

0 

0 

0 

0 

0 

0 

H 

U 

• 

m 

• 

mm  m 

*Kefer  to  code  In  eppendlx. 


TABU  2 

8UIMAII0II  OF  FAIUM  OCCUBtINCE 

n  migB  sqm 


Coded  _  Elenente  of  the  Code* 


62^ 

03 

04 

05 

06 

07 

P6 

09 

19 

11 

12 

A. 

463 

0 

0 

0 

0 

0 

0 

. 

. 

b. 

20 

14 

15 

4 

1 

406 

2 

1 

m 

- 

- 

- 

c. 

58 

326 

39 

6 

1 

2 

0 

1 

30 

m 

- 

- 

d. 

348 

92 

0 

0 

1 

2 

0 

19 

0 

1 

0 

- 

•  . 

335 

103 

0 

5 

1 

1 

0 

18 

0 

0 

0 

- 

f , 

367 

1 

40 

0 

0 

5 

0 

33 

17 

- 

- 

- 

B- 

369 

1 

41 

0 

0 

5 

0 

32 

4 

11 

- 

- 

h. 

203 

2 

0 

7 

0 

2 

66 

102 

21 

57 

2 

1 

1. 

193 

2 

0 

■/ 

0 

2 

71 

106 

21 

58 

2 

2 

J. 

312 

0 

0 

0 

0 

151 

0 

- 

- 

- 

k. 

1 

4  a 

0 

1 

0 

0 

m 

m 

m 

- 

- 

1. 

166 

91 

117 

63 

18 

7 

1 

- 

- 

- 

223 

238 

2 

0 

0 

0 

0 

- 

- 

- 

- 

142 

9 

202 

86 

17 

6 

1 

m 

- 

- 

- 

■. 

147 

243 

2 

36 

1 

30 

1 

3 

0 

0 

m 

*Refer  to  code  In  appendix 


TABU  3 

SIBtUIICMI  OF  FAILOU  OCCUIIIKB 
W  lOCATIOil  or  FAIUD  PAW  COPE 


Coded  ElwMBte  of  the  Code* 


w: 

02 

J2i. 

04 

EBI 

06 

Eii 

EH 

09 

10 

11 

12 

13 

14 

15 

16 

1? 

18 

a. 

u 

161 

15 

1 

0 

7 

42 

161 

2 

36 

16 

3 

0 

19 

0 

0 

- 

- 

D  • 

c. 

374 

16 

73 

• 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

d. 

78 

4 

16 

1 

0 

40 

0 

0 

8 

3 

0 

53 

1 

0 

2 

104 

2 

11 

e. 

10 

14 

46 

60 

17 

33 

124 

1 

0 

0 

0 

0 

0 

4 

2 

1 

63 

52 

19 

20 

21 

_23_ 

23 

_24 

25 

26 

27 

28 

30 

31 

32 

33 

_J4 

35 

_26 

i 


• 

1 

26 

2 

18 

8 

4  25  0  13  2  15  0  1  2  10  6  4  3 

• 

25 

7 

2 

2 

0 

0 . 

*Refer  to  code  In  eppendlx. 


TABU  A 

SOMATIOH  or  FAILBU  OCCUUBRCB  BT 
MATIBIAL  AMD  FAIUm  DBSCBIPTIOW  CODI 


Coded  II— »nf  of  the  Codo* 


Iten* 

01 

02 

05 

JSIL- 

-OL. 

10 

11 

12 

13 

14 

a. 

110 

211 

109 

0 

0 

2 

10 

0 

3 

8 

10 

. 

b. 

0 

445 

0 

0 

0 

10 

0 

0 

0 

8 

- 

m 

- 

c. 

0 

445 

0 

0 

10 

0 

0 

8 

* 

• 

• 

• 

- 

- 

d. 

170 

5 

220 

0 

30 

38 

- 

• 

- 

- 

• 

a. 

315 

4 

0 

1 

6 

3 

1 

4 

0 

23 

1 

0 

11 

1 

f. 

234 

217 

12 

- 

- 

- 

- 

- 

- 

m 

- 

s- 

- 

463 

- 

- 

- 

- 

m 

• 

- 

- 

- 

- 

- 

- 

h. 

- 

463 

- 

m 

- 

- 

- 

- 

- 

• 

- 

- 

- 

i. 

- 

463 

- 

- 

- 

- 

- 

- 

m 

- 

- 

- 

- 

- 

J. 

- 

463 

- 

m 

- 

- 

- 

m 

- 

- 

- 

- 

k. 

3 

1 

0 

0 

0 

138 

0 

32 

7 

0 

0 

0 

86 

1 

1. 

9 

33 

11 

0 

343 

0 

32 

2 

3 

0 

16 

2 

1 

0 

Ol- 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

27 

a. 

m 

m 

b. 

* 

- 

m 

- 

- 

- 

- 

- 

Ce 

- 

- 

- 

- 

- 

- 

- 

- 

d. 

- 

- 

- 

- 

- 

- 

- 

- 

a. 

0 

84 

9 

m 

m 

- 

m 

m 

- 

f. 

- 

im 

- 

m 

- 

- 

- 

%• 

- 

- 

- 

- 

- 

m 

h. 

- 

- 

- 

- 

- 

- 

m 

m 

- 

1. 

- 

- 

m 

- 

- 

- 

• 

- 

- 

- 

J. 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

k. 

71 

23 

51 

3 

10 

3 

1 

7 

4 

1 

5 

14 

2 

1. 

9 

2 

- 

* 

. 

- 

- 

m 

- 

m 

• 

*Refer  to  code  in  appendix. 
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2  p«r  ctnt  for  a  total  of  57  por  cont  of  all  fallurot.  As  Indl- 
oatod  by  tb«  undarlinod  Itaim,  34  par  cant  of  all  foiluros  wara 
Involvod  In  tatlgua  of  primory  structura. 

2.  Saparation  of  motal  to  motal  bonded  joints  accounted  for  1 1  per 
cent  of  the  total  failures;  80  per  cent  of  these  occurred  on  rotor 
blades. 

3.  Corrosion  accounted  for  7  per  cent  of  all  the  failures  ~  62  per 
cent  of  these  bein^  mognesium  stringen  and  skin,  ar«d  22  per  cent 
being  steel  tubular  trusses.  All  of  these  occurred  on  fuselage 
structures. 

4.  In  addition  to  corrosion,  1 1  per  cent  of  the  total  failures  involved 
surface  danrage.  Of  this  1 1  per  cent,  dents  in  rotor  blades  ac¬ 
counted  for  26  per  cent;  rotor  blade  erosion  accounted  for  20  per 
cent;  and  landing  skid  shoe  abrasion  durirsg  pilot  training  account¬ 
ed  for  50  per  cent. 

5.  Rotors  developing  vibrations  during  service  occounted  for  8  per 
cent  of  the  total  failures.  Sixty-two  per  cent  of  these  failures 
involved  blades  that  became  unbolarKed  during  service,  while 
37  per  cent  became  untrackable  during  service .  Of  the  blades 
that  became  unbalanced,  61  per  cent  were  reported  to  contain 
water.  These  blades  containing  water  utilized  perforated  horsey- 
comb  core  in  their  corsstruction. 

LITERATURE  SEARCH  (DDC)  RESULTS 

A  search  of  the  recent  literature  listed  by  the  Defense  Documerstation  Center 

(DDC)  yielded  the  information  in  each  problem  area  os  discussed  below: 

1.  Despite  the  nrany  current  research  programs  on  metal  fatigue,  rso 
one  program  or  combination  of  programs  points  to  a  direct  solution. 
Although  it  would  be  desirable  to  hove  an  accurate  theory  to  ex¬ 
plain  the  exact  nature  of  the  fotigue  mechanism,  structural  failures 
could  be  reduced  significantly  through  the  development  of  structural 
materials  with  improved  dampirsg  characteristics.  Since  sandwich 
materiah  offer  great  potentiol  from  this  standpoint,  work  in  this 
area  should  be  continued. 
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2.  Infennotion  In  th«  fnllurt  rapoitt  wm  ImtifRcInffif  to  iiolefo 
tho  oxoet  coutt  of  tho  moforlty  of  tho  motol  bonding  toparatlom 
found  on  rotor  blodtt  —  moro  background  Information  It  noodod 
tinco  many  foctort,  inch  at  utogo,  dotign,  fabrication,  odho- 
tlvo,  otc.,  may  bo  ln¥olvod.  Bonding  toparetlon  It  contidorod 
a  vital  problom  and  further  thidy  It  rocommondod . 

3.  The  mott  urgent  and  Impoftant  cate  of  moterbl  turface  damage 
noted  In  the  turvey  wat  rotor  blade  dents  and  leading  edge  ero¬ 
sion.  Recent  work  In  this  area  hat  been  done  by  the  Boeing 
Company  (TCREC  Technical  Report  62-1 II,  Hellcyter  Rotor 
Blade  Efodon  Ptotertlve  Materkilt,  Phase  1),  and  tnouitl  be  con- 
tlnuedc 

4.  No  reteareh  programs  were  found  which  would  lead  to  a  clear- 
cut  solution  of  the  corrosion  problem.  The  opprooch  that  offers 
the  greotest  promise  Is  probably  the  development  of  coratructlon 
moterkili  which  are  not  susceptible  to  corrosion,  such  at  fiber¬ 
glass  reinforced  plostics. 

5.  A  significant  follure  In  the  realm  of  rotor  blode  construction  was 
discovered  during  the  course  of  the  turvey.  Blades  that  became 
unboloTKed  while  In  service  were  reported  to  contain  water. 
Liaison  with  the  monufocturer  revealed  that  perforated  honey¬ 
comb  core  vrat  used  In  the  construction  of  these  blades.  These 
facts  Indicate  that  either  water  which  had  leaked  Into  the  blade 
or  Internal  condensation  had  paved  through  the  perforations  end 
collected  to  produce  the  unbularKed  condition.  Thus,  It  Is 
recommended  that  when  horteycomb  core  material  Is  employed 

In  rotor  blade  construction,  the  sealed  or  nonperforoted  type 
be  favored. 
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APfENDIX  . 


REPORT  ANALYSIS  SYSTEM 

aiK^PT  mUCTUUL  MIUIes 


INTRODUCTION 


Uwolly,  th«  cl«gr««  to  which  a  coding  lyitom  It  tubfoct  to  tho  Intoqarototlon 
of  tho  oporator  It  Invtrtoiy  proportional  to  tho  comploxlty  of  tho  codo.  To 
hold  tho  dovolopmontol  timo  and  coot  to  o  minimum,  ond  to  focllHoto  rapid 
uto  of  tho  codo  to  aircraft  ttnictural  falluroi  coutod  by  fotlguo,  corrotlon, 
and  abrasion,  a  rolativoly  timpio  ono  wot  doviiod.  Honco,  thoro  aro,  of 
rocossity,  aroot  opon  for  intorprotatlon .  Thoto  Initructlont  woro  writton  to 
bnwro  uniform  uto  of  tho  codo. 

in  tho  uto  of  tho  codo,  coro  mutt  bo  oxorcitod  to  focus  ottontlon  on  tho  folluro 
Ittolf  and  not  its  rotuitt  or  tomo  tido  offoct.  Tho  tonrn  "ikmio''  ond  ^inknown" 
found  throughout  tho  codo  should  bo  utod  with  coro:  "nono"  whon  tho  roport 
to  stotot  or  impliot,  and  "unknown"  whon  an  antwor  It  wipiclonod  to  oxitt  un- 
dor  tho  Itom  in  quottion.  Whon  an  Itom  it  not  doomod  to  bo  significant  to  tho 
foiluro,  it  should  bo  codod  "not  appllcablo".  This  oppllot  to  all  Homs. 

To  account  for  all  follurot,  Univortity  of  Oklohomo  Ronorch  Instltuio  (OURI) 
numbort  diould  bo  ottlgnod  to  account  for  tho  oddltlonol  follurot  of  llko  itomi 
tofalod  undor  Itom  7  (quantity  dofoctivo)  In  block  32  of  tho  basic  EIR.  Thoto 
doto  shoots  should  bo  fbttonod  to  tho  prlmo  data  thoot  with  a  noto  fo  tho  koy 
punchor  to  punch  thorn  to  that  thoy  aro  Idsntical  to  tho  prlmo  dwot  oxcopt 
whoro  indicotod.  (Exomplo:  OURI  numbor,  aircraft  torlal  numbor,  oircraft 
hours,  otc.). 

Notot  should  bo  modo  on  tho  dota  shoot  in  that  tomo  Information  doos  not  lond 
Ittolf  to  tabular  rocording.  A  word  picturo  of  tho  foiluro  will  pormit  tho  statis¬ 
tical  rosults  to  bo  qualiflod  by  pointing  out  tho  limltotlons  which  offoct  thorn, 
and  thus  will  add  insi<'^t  to  and  incroato  confidonco  In  tho  survoy. 

Tho  following  spockil  notos  that  portaln  to  tho  qpoclflod  parts  of  tho  codo  will 
hirthor  torvo  to  old  In  its  uto: 

2.  Aircraft  History 

b.  How  discovorod 

Tho  itom  most  significant  to  tho  foiluro  should  bo  utod. 
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c .  Symptom  of  fallur* 

This  itom  portalns  to  th«  oporcitional  oipoct  of  th«  machine 
rather  than  to  the  maintenartce  or  to  any  other  aspect . 

d.  Significant  occurrence  prior  to  failure,  and 

e.  Occurrence  at  time  of  failure 

These  Items  are  intended  to  bring  out  any  (operational  or 
maintenance)  occurrence  that  could  have  brought  about  or 
had  significant  influence  on  the  failure.  This  is  directed 
toward  a  one-time  occurrence. 

f.  Mission  prior  to  failure,  ond 

g.  Miuion  at  failure 

These  Items  are  to  define  the  setting  of  the  failure.  They 
serve  to  isolate  the  type  of  operation  (both  flight  and  main- 
teixince)  under  which  failure  occurs. 

h.  Mission  environment  prior  to  failure,  and 

i.  Mission  environment  at  failure 

These  items  are  Included  to  describe  the  atmosphere,  when 
significant,  in  which  the  aircraft  was  operating  when  the 
failure  occurred. 

j.  Aircraft  weight 

This  item  serves  to  define  farther  the  type  of  operation  under 
which  failure  occurs. 

k.  Alteration  status  in  vicinity  of  failure 

This  item  Is  included  to  point  out  any  modification  In  the 
vicinity  of  the  failure  that  could  have  influenced  the  failure. 
Routine  mainteixirKe,  unless  significant,  should  not  be  in¬ 
cluded. 
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I .  Hours  of  oporotlon 

Hours  sinco  now  or  ovorhoul,  whkhovor  is  significant. 

3.  location  of  Follod  Pbrt 

b.  Position  of  follod  port 

This  Itom  will  sorvo  to  Idontify  tho  position  of  tho  folluro  on 
tho  nnjor  componont  or  to  complsto  tho  Idontlflcotlon  of  tho 
major  componont  and  thon  to  locoto  tho  position  of  tho  folluro 
on  this  componont,  whichovor  Is  portinont. 

c.  Fur>ctlon  of  follod  port 

This  Itom  was  Included  to  diffsrontloto  botwoon  the  failures 
occurring  In  tho  airframe  (tho  framoworic  carrying  tho  major 
loads),  to  Include  rotor  blades;  the  elements  of  the  airframe 
such  as  fairings  that  carry  no  major  loods;  and  the  parts  and 
components  on  the  airframe  that  are  oseontlal  to  tho  Integrity 
of  tho  airframe,  such  as  tho  helicopter  transmissions  or  tho 
moln  thrust  bearing  in  tho  transmission  • 

d.  Name  of  failed  part 

Tho  names  listed  under  this  itom  ore  as  Inclusive  os  possible, 
to  permit  categorizing  of  failures  without  Iselng  hamstrung 
with  individual  details. 

e.  Condition  significant  in  immediate  vicinity 

This  item  was  Irraluded  to  give  Insight  to  tho  mechanism  of  the 
failure.  Any  condition  that  could  hove  brought  about,  con¬ 
tributed  to,  or  l>oen  significont  to  tho  failure  should  bo  noted. 

4.  Material  and  Failure  Description 

a.  Composition  of  failed  part 

This  item  was  Irraiuded  to  aid  in  establishing  what  structural 
material  has  experienced  the  most  failures.  The  possibility 
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•xiits  of  tho  tigntficonco  of  this  itom'i  being  wookoned  by 
tho  form  "unknown".  Evory  offort  should  bo  made  to  obtain 
th#  nocouory  technical  data  on  each  aircraft.  Should  a 
component  be  compoted  of  several  materials  fastened  together, 
only  the  composition  of  the  failed  section  should  be  used. 

b.  If  composite,  core  composition;  and 

c .  If  composite,  skin  composition 

When  these  items  are  employed  following  the  use  of  laminate 
in  a .,  they  will  be  understood  to  describe  the  composition  of 
the  layers  In  the  laminate,  the  term  "skin"  being  used  for  out¬ 
side  or  exposed  layer.  They  were  originally  Included  to  de¬ 
scribe  honeycomb  core  sonc^ich  materials. 

e.  Method  of  loading 

Many  times  the  method  of  looding  can  be  determined  by  the 
layout  of  the  foiled  structure  or  part. 

f.  Metallic  fracture 

This  item  is  included  to  assist  in  fatigue  cases,  but  it  also 
covers  static  breaks. 

g.  Metallic  fracture  surface,  peripheral; 

h.  Metallic  fracture  surface,  core; 

i.  Metallic  fracture  oppeararKe,  peripheral;  and 

(.  Metallic  fracture  appearance,  core 

These  items  are  to  describe  the  physical  features  of  a  catas¬ 
trophic  rupture,  a  complete  separation.  Their  greatest  bene¬ 
fit  would  be  to  substantiate  a  fatigue  failure .  For  a  skin  crack 
these  would  most  logically  be  coded  "not  applicable"  while 
for  a  crack  in  a  thicker  element  "unknown"  would  be  an  ac¬ 
ceptable  code. 
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k.  Mod*  of  fatlur* 

In  this  ifom,  mod*  of  failur*  moons  motHod  of  fblluro,  ond 
honco,  It  on#  of  tho  moif  voluoblo  of  oil  tho  Ibcott  to  tfio 
dotcrlptlon  of  tho  folluro.  Not  only  doot  fKli  Itom  pormlt 
ditcrlptlon  of  a  cotoitrophic  typo  folluro,  but  alto  of  o 
folluro  whoro  dogonoratlon  of  porformonco  It  Involvod. 

l.  Condition  of  tho  fallod  port 

This  Itom  It  Includod  to  holp  pinpoint  tho  tlgnlfloont  local 
onvlronmont  or  conditions  that  oxittod  at  tho  timo  of  tho 
folluro. 
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CODE 


Thli  cock  was  dovalopad  for  uta  on  punchod  cords  os  lllustratod  on  tho  Fotluro 
Roport  Anolysts  Shoot  which  Is  Included  os  tho  lost  Itom  In  this  appendix.  Tho 
co<fo  Is  quite  extensive  ond  con  be  used  for  failure  analyses  for  lUyond  the  scope 
of  the  failure  incidence  covered  In  this  report. 

1 .  Aircraft  Identificotlon 

0.  OURI  log  number:  columns) 

b.  Dote  of  failure— month,  doy,  year:  (6  columns) 

c.  Aircraft  serio I  number:  (6columr») 

d.  Aircraft  category:  (2  coiunms) 

01  Rxed  wing 
02  Helicopter 
03  Tilt  wing  VTOL 
04  Fan  in  wifv  VTOL 
05  Vectored  let  VTOL 
06  Tilt  rotor  VTOL 
07  Unload  rotor  conveitoplone 

e.  Aircraft  designation: 

Specie  I  configuration:  (2  columns) 

01  None 
02  Unknown 
03  Attock 

04  Special  electronic  installation 
05  Trolner 
06  Not  significant 

Aircraft:  (2  columns) 


01 

UH-1 

04 

OH-6 

02 

OH-4 

05 

OH- 13 

03 

OH-5 

06 

UH-19 

16 


07 

CH-21 

17 

U-6 

06 

OH-23 

IS 

U-9 

09 

CH-34 

19 

OV-1 

10 

CH-37 

ao 

CV-2 

11 

NH-41 

21 

XV-3 

12 

CH-46 

22 

XV-4 

13 

CH-47 

23 

XV-5 

14 

0-1 

24 

XV-6 

15 

U-1 

25 

CV-7 

16 

U-6 

Aircraft  Model:  (2  columns) 

01 

No  letter 

07 

L 

02 

A 

06 

S 

03 

6 

09 

D 

04 

C 

K) 

F 

05 

E 

11 

G 

06 

K 

12 

H 

f.  Aircraft  Operator:  (2  columns) 

01  ActlvoArmy 

02  Army  (N  .G .  &  Rotorvo) 

03  Novy 

04  Naval  RoMrvo 

05  Air  Force 

06  Air  Notlonai  Guord 

07  Coast  Guard 


2.  Aircraft  History 

a.  Source  of  this  data:  (2  columns) 

01  Failure  report  (EIR,  etc.) 

02  Accident  report 
03  Forced  londing  message 
04  Engineering  changes 
05  Anolytls  report 
06  Commercial  operator 
07  Failure  report  onolysis  report 
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b.  How  ditcovorod:  (2  columni) 

01  Unknown 

02  Ground  optratlonol  chock 
03  Oporottonol  dofkloncy  In  flight 
04  During  accident  Invoftlgotlon 
05  CouMd  occidont 
06  During  malntononco 
07  In-fllght  obtorvotlen 

06  Oporotlonol  doficloncy  In  flight  plus  coutod  Occident 

c.  Symptom  of  follure:  (2  columni) 

01  Urtknown 
02  None 
03  Vibration 

04  Lon  of  operational  efficiency 
05  Lon  of  control 
06  Vibration  and  Ion  of  control 
07  Noise  during  operation 
08  Nolle  during  run-down  or  securing 
09  Not  applicable 

d.  Significant  occurrence  prior  to  follure:  (2  columni) 

01  Unknown 
02  None 

03  High  G  moneuver 

04  Hard  landing  or  landing  on  unsuitable  surface 

05  Mishandling  while  on  grourMi 

06  Flight  In  turbulerKe 

07  Overspeed  of  rotating  component 

06  EKposure  to  high  humidity  or  rain 

09  Failure  to  remove  drilling  or  mochining  chips 

10  Overtorqued 

1 1  Excessive  component  vibration  developed 

e.  Occurrence  at  time  of  failure:  (2  columns) 

0 1  Unknown 
02  None 

03  High  G  maneuver 
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04  Hard  IcNidlng  or  lending  on  unwltoblo  turfaeo 
05  Mldiondllng  while  on  grovnd 
06  Fllghf  In  turbulence 
07  Ovenpeed  of  rotating  component 
06  Expewre  to  high  humidity  or  rain 
09  Initalllng  or  removing  port 

10  Overtorqued 

1 1  EkcomIvo  compormnt  vibration  developed 

f.  Minton  prior  to  failure:  (2  colunmi) 

01  Unknown 
02  Acrobotic  flight 

03  Nonnal  utility  or  corgo  flight  Including  landing  or  take-off 

04  Nop-of-the -earth  flight 

05  Short  ftrip  or  small  oreo  bndtng  or  take-off 

06  Training/  rtot  covered  by  other  minions  listed 

07  Instrument  flight 

08  Not  oppitcoble 

09  Combat  operations 

g.  Mission  at  failure:  (2  columns) 

01  Unknown 
02  Acrobotic  flight 

03  Nonnal  utility  or  corgo  flight  Including  landing  or  take-off 

04  Nop-of-the-eorth  flight 

05  Short  strip  or  small  area  lending  or  take-off 

06  Training/  not  covered  by  other  minions  listed 

07  Instrument  flight 

06  Not  applicable 

09  Compibnee  with  maintenance  order 
10  ConiKit  operations 

h.  Mission  environment  prior  to  failure:  (2  columns) 


01 

Unknown 

02 

Arctic 

03 

Arid 

04 

Sandy/dusty 

05 

Tropic 

I 
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06  CoQitol  (rain  ond  high  humidity  with  nit  otmoyhnt ) 
07  Modtraturavuragu,  lummur 
06  Not  oppliccibU 
09  Main  and  high  humidity 

10  Modtrato-avorago,  wlntor 

11  king 

12  Guity  winds 

I.  Minion  onvlronmont  at  foiiuro:  (2  columns) 

01  Unknown 
02  Arctic 
03  Arid 
04  Sondy/dusty 
05  Tropic 

06  Coostal  (rain  and  high  humidity  with  nit  atmosphora) 
07  Moderator  voraga,  tummor 
06  Notappikabla 
09  Rain  and  high  humidity 

10  Modorato-ovorogo,  wlntor 

11  kii« 

12  Gusty  winds 

|.  Aircraft  wolghh  (1  column) 

1  Unknown 

2  Noor  normal  gron  weight 

3  Noor  empty 

4  Above  normal  gross  weight 

5  intermediate  weight 

6  Not  opplkoble 

k.  Alteration  status  in  vicinity  of  failure:  (2  columns) 

01  Unknown 
02  None 

03  Non-compliance  with  safety  directive 
04  Locol  repair  In  vicinity  recently 
05  LjocoI  repair  of  failed  port  recently 
06  Indicotion  of  need  for  repair  or  balonce 
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I  •  Houn  of  opMoHon: 


Houn  on  olrframt:  (4  columm) 

Houn  on  poMf«r  ploM:  (4  columm) 

Houn  on  fbllod  port:  (4  columns) 

Noto:  Uio  Hio  followinp  koy  In  tho  flnl  column  of  ooch  of  Hm 
about. 


1  Unknown 

2  Notopplicoblo 

3  0-1,000hourt 

4  1,000  -  2,000  hours 

5  2,000  -  3,000  houn 

6  3,000  -  4,000  houn 

7  5,000  -  6,000  houn 

m.  Lost  ovtrhou I  sfotlon  of  failed  port:  (2  columns) 

01  Unknown 

02  Has  nof  boon  ovorhoulod  -  now 

03  U.S.  Army  Tronspoitation  Aoronouticol  IDopoS  MoinTonanco 
Cantor  (AKAOMAC) 

04  Boll  Hollcootor  Company 
05  Not  oppHcoblo 
06  Hirsons 
07  SIkonky 
06  Avolondo 

09  Socioto  Anon)nno  Bolgo  Construction  (SABCA) 

10  Sud-Avlotion 

3.  locotlon  of  Foiled  Part 


o.  Major  component:  (2  columm) 

Transmission 
Power  plonf 
Toil  rotor  pylon 
Vfing  nocollo 
Toll  boom  (on  hollcopton) 
Crow  restraint  system 
Passenger  restraint  system 

06  Rotor  head 


01  Riseloge  09 

02  Wlr«  10 

03  Control  system  1 1 

04  Vertical  toll  surface  12 

05  Horizontal  tail  surface  13 

06  Undercarrioge  14 

07  Rotor  blode  or  blades  15 
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b.  Litton  of  fbllod  part:  (2  columni) 


01  Nof  applicobla 
02  RonT  or  root 
03  Intormodkito  or  main 
04  Aftor  tipor  tall 
05  Control  turfaeo 
06  Flop 


07  Control  ijntom 
06  louvor 
09  Soot  itnicturo 

10  Occupant  tio-down 

11  Main  ot  tip 

12  Countor  wolght 


c.  Rmctlon  of  follod  part:  (1  column) 

1  Structural,  vital  (airfromo  carrying  major  loodi) 

2  Norotructural,  vital  (airfromo  componontt  aiHi  fixtures) 

3  Structural,  not  vital  (oirframt  orvl  oppondogot  not  cany- 

Ing  major  loads) 

d.  Nomo  of  follod  part:  (2  columns) 


01 

Skin 

19 

team  or  spar 

02 

Rttirtg 

20 

Shoe 

03 

Strut 

21 

tlode  grip 

04 

trace 

22 

Leading  edge 

05 

tearing 

23 

Mounting  cap 

06 

team  flange  or  stringer 

24 

tulkheod  mount  or  gusset 

07 

team  vreb 

25 

RIrrg  or  frame  gusset 

06 

Unk 

26 

Rib 

09 

Foslener,  kartbrare 

27 

Stiffner  or  doubler 

10 

Cowling  or  cover 

2B 

tulkheod 

11 

Shoft 

29 

Ring  or  frame 

12 

Mount  structure 

30 

Ring  or  franre  with  bulkhead 

13 

Tubing 

31 

Door  or  window 

14 

telt 

32 

Podestal 

15 

Yoke 

33 

Accessory  mount  structure 

16 

Some  os  nnjor  component 

34 

Instrument  panel  mount  structure 

17 

Horn 

35 

Stnit  oop 

16 

Trim  tab 

36 

Spring  strut  (iMfed) 

Condition  significant  In  Immediate  ' 

ricinity:  (2  columns) 

01  Noor  notch  or  cut  out 
02  In  curvature  or  bend 
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03  N«or  foinf,  wtld«d 
04  N«ir  joint,  rlvotod  or  boltod 
05  Noor  notch  or  cut  out  and  in  curvoturo 
06  Clear 

07  bcpoiurt  to  tllpitroom 
06  Expoturo  to  locollzod  hoot  lourco 
09  Expoiuro  to  high  noito  lovtl 

10  Noor  manufacturing  flow  such  os  a  scratch 

1 1  Misfitted  or  misolignod  with  mating  ports  during  instoilotlon 

12  Noar  on  unintantlonol  injury  to  port 

13  Intufflciont  lubrication 

14  Moor  abrupt  chonga  in  saction-*thraads,  flanga,  ate. 

15  Insufflclont  bonding  motorial 

16  insufficient  bonding  material  and  expoeed  to  slipstream 

17  None 

18  Unknown 

19  Beposure  to  landing  surface 

20  Near  power  plant 

21  Sealing  material  deteriorated  or  seporated 

22  New  part  Installed  in  system 

23  Near  stored  part 

24  Near  joint,  riveted  or  bolted,  in  curvature 
4.  Moteriol  ond  Failure  Description 

a.  Composition  of  failed  part:  (2  columns) 


01 

Metal,  steel 

07  Composlte**‘honeycoflnb 

02 

Metal,  aluminum 

06 

Lamlnote 

03 

Metal,  mognesium 

09 

Not  oppllcable 

04 

Metal 

10 

Metol  and  rubber 

05 

Metal,  unknown  composition  11 

Wood 

06 

Plastic,  solid 

If  composite,  core  composition: 

(2  columns) 

01 

Unknown 

06 

Metal,  aluminum 

02 

Not  applicable 

07 

Metal,  magnesium 

03 

taper 

06 

Metal 

04 

Rberglass 

09 

Metal 

05 

Metal,  steel 

10 

Rubber 
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c.  If  compotlta,  Ain  compwltion:  (2columm) 


01 

Unknown 

05 

Motai,  olumlnum 

02 

Not  oppllcabio 

06 

Motai,  mognosium 

03 

Rborgloss 

07 

Motal 

04 

Motol,  stool 

06 

Motai,  unknown  compooltlon 

d.  Typ*  of  load:  (2  columni) 

01  Unknown 
02  Static 

03  Rtpootad  or  e)fcllc,  rotononeo  unknown 
04  Rotononf  vibration 
05  Surfoco  Impact  and  abrasion 
06  Not  oppllcoblo 


•.  Mtfbod  of  loading:  (2  columns) 

01  Unknown 
02  taro  shoor 
03  Tonilon 
04  Comp  rots  ion 
05  Torsion 

06  Tonslon-comprossion 
07  Bonding 
06  Bonding  ond  torsion 
09  Tonsion  orsci  torsion 

f.  Motai  fracturo:  (2  columns) 

01  Not  oppllcoblo 
02  Crockod 

03  Complotoly  soporatod 


10  BondingHorsion-tonsion 

11  Tonsion*btnding 

12  Thrust  ond  radtol 

13  Bonding  ond  shoor 

14  Tonsion  and  shoor 

15  Torwion-conprossion-shoor 

16  Not  oppllcoblo 

17  Comprossion  and  shoor 


g.  Motailic  fracturo  surfoco,  poriphorol:  (2  columns) 


01  Unknown 
02  Not  oppllcabio 
03  Stop  morkod 

04  taokod  ota(/or  with  45-dogroo  surfaces 
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05  Isoch  narked 
06  Granubr,  coarM 
07  Grcmuior,  fln« 

h.  Mtfollic  froctur«  turfoca,  cor«:  (2  columni) 

01  Unknown 
02  Nor  oppilcobl* 

03  Ptokod  on^or  with  45-cltgrM  wrfocM 
04  Booch  mafkod 
05  Granular,  coant 
06  Granubr,  fint 

{.  Mttallle  froctura  appearanea,  porlpkoral:  (2  columns) 

01  Unknown 
02  Not  appileabit 
03  Shiny 

04  Dull  and  volvety 

{.  Matalllc  fracture  appoaranca,  coro:  (2  columns) 

01  Unkr>own 
02  Not  appibable 
03  Shiny 
04  Dull 
05  Velvety 

k.  Mode  of  failure:  (2columm) 

01  Shear 

02  Tension 

03  Compression 

04  Fatigue  followed  by  shear 

05  Fatigue  fallowed  by  tension  or  compression 

06  Evidence  of  fatigue  but  Indeterminate 

07  Bending 

08  Column  or  panel  buckling 

09  MaterbI  crocked  and  separated  from  Interral  stresses 
10  Core  crushing 
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11  Dimpling  of  foe* 

12  Shoor  crimping 

13  Skin  or  turfoco  crock 

14  Largo  doflocfion  occurred 

15  Surface  of  material  damoged 

16  Became  unbalanced 

17  Bonding  leporation 

18  Sealing  incomplete 

19  Faitener  come  loose 

20  Insufficient  clearance  between  elements 

21  Support  collapsed 

22  Shape  of  surface  altered 

23  Type  of  material  failure  unknown 

24  Excessive  clearance  between  elements 

25  Holes  in  materials 

26  Blade  would  not  remain  In  track  In  forward  flight 

27  Fastener  hole  enlarged 

I .  Condition  of  failed  part:  (2  columns) 

01  Unknown 
02  Corroded 
03  Eroded 
04  Like  new 
05  Normal  wear  state 
06  Discolored  as  from  hoot 
07  Excessive  weor— abrasion 
08  Bent 

09  imperfect  details  of  design 

10  Galled  and  chipped 

1 1  Absorbed  water 

12  Scratched  01  gouged 

13  Imperfect  details  In  manufacture 

14  Threads  stripped 

15  Absorbed  water  and  frozen 

16  Cracked  ond  deteriorated  (for  nonmetols) 
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define  critical  areas  of  future  structural  research. 

The  primary  source  of  data  was  the  Army  failure  reports, 
"Equipment  Improvement  Recommendation".  Because  of  the 
great  number  of  reports  available,  a  sampling  was  made 
consisting  of  basic  airframe  failures  on  tour  helicopters 
and  *'wo  fixed-wing  aircraft  for  the  period  1  January 
i963  to  31  August  1963.  The  reports  were  analyzed  indi¬ 
vidually  and  the  data  were  consolidated.  Analysis  of  the 
consolidated  data  revealed  four  significant  problem 
areas:  (1)  corrosion  and  fatigue  of  primary  airframe 

structure;  (2)  separation  of  metal  bonded  joints  on 
rotor  blades;  (3)  erosion  of  rotor  blade  leading  edges; 
and  (4)  sustaining  rotor  blade  balance. 
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